
BLOOD-SPOTS: A MEDICOLEGAL STUDY *

C. J. BARTLETT, M.D., AND S. J. GOLDBERG, M.D.
NEW HAVEN, CONN.

In the medicolegal study of cases of violent death the location and
gross appearance of blood-stains at times become important factors.
Their significance is, however, referred to but very briefly in works on
medical jurisprudence, and the part which blood-drops falling vertically
may play in solving the riddles which these cases present has been hardly
noticed. A search through the available English, German and French
works on the subject shows practically nothing regarding these latter
blood-spots.

Witthaus and Becker's last edition1 says : ``Blood dropped perpen-
dicularly on a hard smooth surface begins to spatter when the height
reaches 3 or 4 inches, but may not spatter from a height of 2 or 3 feet.
Dropped from a few inches on glass, the drop is compact with smooth
edge; from a few feet, the drop is flatter, the edges may be moderately
indented, and minute outlying drops may be present.''

Babcock2 says: ``Drops of blood from a height of 1 or 2 feet are

larger than those falling only a few inches. In the first case the circum-
ferences of the spots are deeply indented, but in the second they show
a perfectly regular outline.'' He gives two illustrations of such drops;
one shows them almost perfectly round and smooth; the other has short
spicules arranged nearly as regularly as the spokes to a wheel.

The statements made by other authors are no more complete than
those quoted. The failure to discuss these spots more fully is doubtless
due to the infrequency with which they become of importance. That
they must occasionally be studied with reference to the height from which
they fall was evident in a case investigated by one of us in which the ques-
tion came up whether certain blood-spots found on stairs might have been

* From the Pathological Laboratory of the Yale Medical School.
* We are indebted to Dr. H. S. Arnold, instructor in pathology in the Yale Med-

ical School, for the numerous photographs which he has taken of our specimens.
1. Witthaus and Becker: Medical Jurisprudence and Toxicology, New York,

1909, iii, 811, William Wood & Co.
2. Babcock: In Hamilton's System of Legal Medicine, New York, 1900, i, 155,

E. B. Treat & Co.
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218 BLOOD SPOTS

made by blood dropping from the height of the ear of a man of medium
stature when standing, or whether their size and shape were inconsistent
with the blood having fallen from so great a height. The study of these
spots was one of the factors in reaching a decision between murder and
suicide.

These experiments were undertaken for the purpose of determining
what inference can be drawn regarding the height from which blood
dropped from the size and shape of the dried blood-spot; or, stated in
another way, what factors, aside from the height from which the blood
fell, are of importance in determining the size and shape of the resulting
dried blood-spot when blood drops vertically. All of the experiments
were made by allowing the blood to fall vertically on the surfaces tested.
Eabbit's blood was employed throughout. The animal was first given a

sufficient dose of chloral to put it to sleep in fifteen to thirty minutes and
so to render it insensible to pain. When insensible, it was suspended by
the hind legs and blood-drops obtained by clipping off a bit from the tip
of the ear. In addition, as opportunity presented, we have noted the
appearance of drops of human blood which have fallen from a known
height. The shape of the latter agree with the results of our experiments
with rabbit's blood.

Different varieties of wood were used in most of the tests, but in addi¬
tion glass and surfaces covered with paper were employed. The kinds of
wood were white wood, planed; white wood, planed and sandpapered;
hard pine, planed; hard pine, planed and oiled; hard pine, rough; hard
pine, rough and oiled; oak, planed and varnished; soft pine, planed and
enameled; soft pine, planed. Paper: wall-paper, pasted on smooth board;
wall-paper, face down, pasted on smooth board. Glass : clean glass ; glass,
covered with a thick layer of dust. Other substances were also tested in
other series of experiments, but the results obtained corresponded to the
series here quoted. In this series all of the blood-drops were on objects
of about the same size, 12 by 10 to 11 inches, and were so photographed
as to give the same relative size in each case.

The surfaces on which the blood drops fell evidently differed very
much in smoothness. Some were smooth and entirely non-absorbentr
others smooth and slightly absorbent, like the white wood. Some were

rough and somewhat porous, as the hard pine in the condition in which it
came from the saw ; others were made a little smoother and non-absorbent
by oiling rough pine boards.

In the first series here described, each surface has eight blood-drops
on it. One of these drops fell from each of the following heights : 2
inches, C inches, 1, 2, 3, 4,  and 6 feet. In this way a drop from any
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220 BLOOD SPOTS

given height on one surface can be compared with a drop from the same

height on a different surface. The appearance of the drops on the
smoother surfaces will first be given, then those on rougher surfaces.

Clean glass is a good example of a smooth, non-absorbent surface. As
seen in the accompanying illustration (Fig. 1), the drops on clean glass
in general increase in size with the height. This is not uniformly so.

For example, the G-incli drop is larger than the 1-foot or 2-foot drops
and the drop which fell 4 feet is much larger than any of the others. An
explanation of this will be seen later. The smaller drops are almost
entirely smooth on the edge. Those falling from a greater height, 4 to G
feet, show several short, thick spicules, the number or length of these not
depending entirely on the height. They are here more marked in the
4-foot drop than in the others. The smaller drops, those from 2 inches wp
to 2 or 3 feet, form a thicker layer of blood than those from a greater
height and show a tendency to crack radially and to become separated
from the glass and easily dislodged. This is well shown in several of the
drops in Figure 1, where considerable parts of the smaller drops have
fallen from the glass. It is also noticeable that the larger drops show a

breaking up into very numerous irregular areas with minute cracks
between them. In general, the greater the height from which the drops
fell the thinner the layer of blood. This, however, is hardly sufficient to
•differentiate between a C-foot drop and one falling a somewhat less dis¬
tance. Xone of the drops on this plate showed marked spicules and few
show spatters. If the latter occur, as they do at times on clean glass,
they appear as small, rounded spots at a short distance from the main
drop.

The contrast between blood-drops on clean glass and those made on

glass thickly covered with dust is striking (Fig. 2). Here the drops up
to G inches are still practically smooth. The size and thickness of the
drops, in general, does not differ materially from those in Figure 1.
Here, again, it is also evident that the size of the drop does not always
vary as the height. It is in the formation of spicules and spatters that
the chief difference between Figure 1 and Figure 2 is seen. In the latter
they are present in the 1-foot drop, and are fully as marked in the 4-foot
drop as in the G-foot drop. The spicules are, in general, rather short.
The spatters are, however, very numerous and have extended a consider¬
able distance from the main drop, the farthest ones being at least G inches
from the nearest drop. The shape of the spatters here is in contrast to
that in Figure 1. On clean glass, as on other strictly smooth surfaces, the
spatters, if present at all, are round and situated near the main drop.
There are no irregularies to throw them in any particular direction. But
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222 BLOOD SPOTS

minute irregularities furnished by dust particles on glass are sufficient to
cause considerable spattering and to throw a part of the blood droplets
with enough force to produce elongation of some of the spatters. The
same factor has given the more marked spicule formation as seen in Fig¬
ure 2. The tendency for the smaller drops to separate from the glass, and
for the larger ones to divide into small irregular areas, is seen here as in
Figure 1. The 1-foot drop is probably more irregular than it would have
been if it had not fallen on the rim of another drop. The first 1-foot drop
had dried and separated from the glass, except at its outer part, and it
was on the edge of this first drop that the second one fell.

Another glass plate, not shown in the illustrations, had dirt in small
specks dried on it, so that it could be removed only by washing. This
showed a decided exaggeration of the spicules and spatters described in
Figure 2.

Soft pine, planed, covered with two coats of white enamel paint, fur¬
nished another very smooth surface. Spicule formation and spattering is
hardly more marked than on clean glass. The dried blood is more adher¬
ent than it is on glass and no tendency to separate from the painted sur¬

face is evident. There is the same separation into small pieces with
minute cracks between them which was seen in the larger drops on glass.
The interesting thing about this specimen is the very small size of the
6-foot drop, which measures 19 mm. It is smaller than that from 3 feet
(21 mm.). It is scarcely more irregular on the surface than the 3-foot
drop, showing no spattering. The layer of blood in the 6-foot drop is a

little thinner than in either of the other drops.
A surface very similar to the last was obtained by pasting white

enameled paper, such as is used for making sphygmographic tracings, on

a planed board. The spots correspond closely with those on the white
enamel paint as regards spatters and spicules.

The spots on a smooth, varnished oak board gave even less spicule for¬
mation and practically no spattering. The slight irregularities seen at
the periphery of the drop are blunter than those on clean glass or the
other smooth surfaces mentioned.

White wood, planed and sandpapered (Fig. 3), gave a very smooth
surface. The contrast between the drops on it and those just described is,
however, striking. This is not noticeable in the 2-inch spot, but already
in the 6-inch spot we find blunt, short spicules. From one foot up the
spicule formation and spattering become very noticeable. The C-foot drop
shows these but little, if at all, more than do the 3-foot and 4-foot drops.
The size of the drops gradually increases with the height from
which the blood fell, but, as in previous illustrations, this is not always
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224 BLOOD SPOTS

the case. Here, again, the G-foot drop is not larger than the 3-foot drop
and is considerably smaller than the 5-foot one. The last shows a

slightly thicker layer of blood than the first, and the spicules are per¬
haps somewhat thicker. This is, however, not marked enough to certainly
differentiate the two. The spattering has extended several inches from the
drops, going as far as the edges of the board. Nearly all of the spatters
here have been thrown \vith such force as to make the resulting spots
elongated.

The board of white wood, planed (Fig. 4), is similar to the last except
that it is slightly rougher, not having been sandpapered. Comparison of
the drops shown in Figures 3 and 4 shows at once the effect of this slight
roughness. The size of the drops approximates that of the last plate, but
many of the spicules and spatters are longer, indicating that they were

thrown with more force. Here, again, the great difficulty, if not impossi¬
bility, of telling the difference between the 4-foot, 5-foot and G-foot drops
is apparent.

The board of hard pine, planed (Fig. 5), appeared to be about as

smooth as the last one. Yet a comparison of Figures 4 and 5 shows a

great difference in the appearance of blood-drops falling from the same

height on the two surfaces. As seen in Figure 5, there is but a moderate
amount of real spicule formation and very little spattering from any of
the drops. The blood has soaked into the wood much more than in the
case of the white wood, and so shows an elongation of the drops along the
grain of the wood. There is little to differentiate the drops between 2
feet and G feet, except the size, and this by no means increases regularly
with the height.

The hard pine, planed and oiled (Fig. G), is similar to the last, except
that it has been oiled. The two pieces came from the same board. The
marked difference between the blood-sjDots on the two boards is seen at a

glance from the illustrations. The main part of the spot is smaller on the
oiled board than is the corresponding drop on the one which is not oiled.
But the striking difference is in the spicules, and more particularly in the
spatters. This is shown in all of the drops from 2 feet up. It is most
marked in the 4-foot and 5-foot drops. Instead of extending out as mar¬

ginal spicules connected with the main drop, as seen in the drops on

planed white wood (Fig. 4), many of the irregular extensions here are not
connected with the main spot at all. They appear as marginal spatters
instead of spicules. This may have been caused by the retraction of the
main drop before drying because of the oiled surface on which it fell,
thus leaving the spicules separated from the drop.
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220 BLOOD SPOTS

The rough, hard pine (Fig. 7) is a surface as it came from the saw,
except that it was slightly smoothed by rubbing one board over another.
Here, again, the appearance of the drops is well shown in the illustration.
Spattering and spicule formation become evident in the 1-foot drop. In
this case it is most marked in the 4-foot drop. As was seen in the planed,
hard pine board, the blood here was absorbed before drying, thus some¬
what increasing the size of the spot.

In the rough, hard pine, oiled (Fig. 8), again, the effect of oil on the
surface is well seen. The chief differences between this board and the iast
one are the greater distinctness of the drops, due to non-absorption of the
blood ; the very marked spicule formation which begins in the 6-inch
drop and is very marked in the 5-foot drop ; the amount of spattering and
the evident force with which, these spatters were thrown, as shown by
their elongation. As in the case of the hard pine, planed and oiled, many
of the spicules here are not connected with the main spot, probably owing
to the retraction of the blood-drop before drying. The minute, white
specks on the smaller drops, as seen in the illustration, are not due to the
dislodgment of bits of the dried blood, but are apparently caused by the
reflection of light due to the irregularity of the surface.

The specimen of wall-paper (Fig. 9) was made by pasting wall-paper
with a fairly smooth surface on a planed board. Spicule formation is
present in all of the drops except the 2-inch one. It becomes marked with
the formation of spatters at 1 foot, and from 2 feet up to 6 feet these are

very marked. It is to be noted how very much some of the drops are

broken up. This is seen particularly in the  -foot drop, where a consid¬
erable part of the spot is made up of irregular spicules and marginal
spatters. Spatters have been thrown to a considerable distance, and with
force, as is evident from the shape.

Wall-paper, pasted face down on a planed board, gives a surface
slightly rougher than the last. Spicule formation is quite marked even in
the 6-inch drop. In general, the spicule formation is more marked than
in the last specimen and spatters have extended in nearly all directions
from each drop, from the 6-inch one up to those from a greater height.

Very little comment is necessary regarding the effect of the kind of
surface on which blood-drops fall, as demonstrated by this series. A
comparison of the 4-foot drops, for instance, on the different surfaces, as

shown in the illustrations, makes the importance of the smoothness or

roughness of the surface ver}· evident. In fact, this is the important
factor in the case of all drops falling from 1 foot to 6 feet. The height
is a secondary matter.
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228 BLOOD SPOTS

Attention has been called to the fact that frequently a drop falling a

less distance has made a larger blood-spot than one falling a greater dis¬
tance on the same surface. The obvious explanation for this is that some

drops were larger than others when they fell. It was noticeable as the
blood dropped from the rabbit's ear that the drops varied in size. This,
in part, depended on whether the ear had been so cut that the blood
dropped from a very acute angle or from a somewhat blunter one ; also on

the rapidity with which the blood came from the ear. When this was

very slow, so that the blood had time to become slightly more viscid before
falling, the drop was naturally larger than when the bleeding was more

rapid. This difference in the size of the drops is a disturbing factor in
attempting to determine the height from which the blood fell by the size
of the blood-spot.

The next set of tests was made to find how great the similarity is
between drops which have fallen from the same height on the same kind
of a surface. The different surfaces tried for this were white wood,
planed; white wood, sandpapered; soft pine, planed; hard pine, planed
and oiled. The height varied from 2 feet to G feet. The single illustra¬
tion shown of this series (Fig. 10) gives a fair idea of the results. This
shows drops all falling from the height of 5 feet on to planed, white
wood. As seen in the illustration, the difference in size is considerable,
the spots exclusive of spicules measuring from 18 mm. to 23 mm. In
other tests, considerable more variation in size was found than is evident
here. Considerable variation in the degree of spicule formation and spat¬
tering is also evident in the spots shown in Figure 10. This series merely
confirms what we ha\7e been led to expect from the first series, that
drops falling from a given height on the same surface may vary consider¬
ably in the appearance of the resulting blood-spots.

Thus far it has been found impossible to determine from the appear¬
ance of individual drops whether they fell 3, 4, 5 or G feet. The next
attempt was to study more carefully the spatters, as well as the spicules,
from individual spots to see if any evidence of the elfect of height could be
obtained in this way. For this purpose a single drop of blood was allowed
to fall on a surface and the degree of spattering, as well as the appearance
of the spatters, particularly as regards elongation, was noted. These were

studied under slight magnification, as well as with the unaided eye. Also
the relative length and thickness of the spicules were more carefully
noted than heretofore. Over thirty preparations of this kind were made,
the surfaces being of the same character as already indicated. Drops of
blood were allowed to fall from 2 feet to G feet. Only a single drop fell
on any one board. It seemed probable that the shape of the spatters
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230 BLOOD SPOTS

might be of some importance ; that those from a 6-foot drop would be
thrown with so much more force than those from a 3- or 4-foot drop that
the former would become more elongated, or that the spatters would be at
a greater distance from the drop. But, in fact, it was found that there
was no regularity in this respect. As seen in Figures 11 and 12, the few
spatters present in the 4-foot drop are rather more elongated than in the
6-foot drop. The 5-foot drop in this series on sandpapered white wood,
not shown in the illustration, gave even more spattering and elongation of
the spatters than did either the 6-foot or the 4-foot drop on a similar sur¬

face. And the 3-foot drop showed as much spattering as either of these
two latter did.

We also made a careful study of the spicules in these drops. While in
general these become longer the greater the height from which the blood
falls, the exceptions to this are numerous. As seen in the illustrations
(Figs. 11 and 12), the spicules from the 4-foot drop are fully as long as

those from the 6-foot drop in our series on planed and sandpapered white
wood. Xor is there any difference in the number or thickness of these by
which they are to be differentiated. It appears obvious that neither the
degree of spattering nor shape of spatters, nor yet the length or shape of
spicules, are of great aid for the purposes for which the tests were made.
Within certain limits these depend on the nature of the surface on which
they fall, not on the height.

The final test \vas to find the greatest distance which spatters might
fall from the main drop. These distant spatters are so minute that they
can only be recognized when falling on some white surface. We used
large sheets of white paper, 4 feet, l1/» inches by 6 feet, 3% inches. The
board on which the blood was to fall was placed near the center of a

sheet, and a single drop of blood allowed to fall on to it. The spatters on

the paper thus not only fell laterally from the drop, but also fell to a

slightly lower level, that is about 2 cm., the thickness of the board. Three
surfaces were used in this series: soft pine, planed; hard pine, planed;
wall-paper, pasted onto a smooth board. A drop from four different
heights, 3, 4, 5 and 6 feet, was tested on each kind of a surface, and spat¬
ters from a single drop obtained on each sheet. The distance of the
farthest spatters from the center of the drop was then measured. The
results are as follows :

Soft Pine. Planed. Hard Pine, Planed. Wall-Paper.
Most Distant. Most Distant Most Distant

Spatter Spatter. Spatter.
Drop. Cm. Cm. Cm.
3-foot. 37.9 58.8 48.9
4-foot. 7C.0 51.0 74.8
5-foot. 70.1 58.5 73.5
G-foot. 03.1 64.0 107.5
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Evidently height is of some importance in determining the distance
of the spatters, but even here the results are by no means constant, as is
seen by comparing the G-foot drop in the first series with the 4-foot or

5-foot drop; also by comparing the 3-foot drop in the second series with
either the 4-foot or the 5-foot drop. Here, again, the nature of the sur¬

face, rather than the height, is the main factor in determining the force
with which the spatters are thrown.

CONCLUSIONS

The conclusions which appear warranted are that a blood-drop fall¬
ing only a few inches usually makes a round spot with a smooth border,
though even here if the surface on which it falls is rough it may have an

irregular border with spatters; that when a blood-drop falls vertically,
whether from a height of only 1 or 2 feet or as much as G feet, the height
is of only secondary importance in determining the size or shape of the
drop or the amount of spattering; that within the limits just mentioned
the character of the surface on which the blood-drop falls, particularly as

to its roughness or smoothness, is the chief factor in determining the
amount of spicule formation and the degree of spattering; that a blood-
drop falling vertically 5 or G feet on a smooth non-absorbent surface may
form almost no spicules or spatters, but that irregularities of the surface
may cause marked spicule formation and spattering even when the height
has been much less than this; that the size of the main blood-spot made
by a drop falling from 3 to G feet depends more on the original size of the
drop than on the height from which it fell; that the thickness of the layer
of blood in dried blood-spots, on surfaces which are non-absorbent or only
slightly absorbent, is somewhat less the greater the height from which the
blood fell ; that the height from which blood has fallen cannot be deter¬
mined by the length of spicules, the elongation of spatters, the distance
which spatters have fallen, or by the thickness of the layer of blood,
except within wide limits; and that, in general, conclusions as to the
height from which blood-drops fell, based on any of the appearances of the
dried spot, should be made very guardedly.

Medical Department, Yale University.
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